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Abstract: The first-ever conductivity-temperature-depth (CTD) observations on the Wandel Sea shelf in One of the most significant global issues over the last decade has been the vast change in the Arctic 6 Polarstern [Kattner, 2009] . Furthermore we adopted a CTD profile taken in a rift in the 79 North Glacier 
128
Within this study we are interested in resolving the vertical thermohaline structure below the 129 freshened surface waters, including the water layer below the lower boundary of the glacier tongue (>~90 130 m depth) and a warmer Atlantic-derived water layer with temperature > 0°C below ~140 m depth.
131
Therefore we only use the 31 CTD profiles that were collected in waters deeper than 100 m (Figure 4 ).
132
Over the Wandel Sea shelf there are three regions with depths greater than 100 m. These regions are 
135
The primary region with depth exceeding 100 m is located over a submarine glacial trough to the [Bendtsen et al., 2017] . The sub-surface halocline 170 layer is characterised by a strong vertical salinity gradient (salinity 1 m -1 ) down to 15 m depth ( Figure 5 ).
171
The sub-surface halocline separated the fresh surface waters from a layer with weak vertical salinity Table   175 1).
176
Below the Halostad (below 75 m depth), temperatures increased steadily through the Halocline
177
(with salinity centered around 33) and Atlantic modified Polar Water (PrW) - Figure 5 and Table 1 . The
178
Halocline is further distinguished from the Halostad and PrW by its high vertical salinity gradient of 0.07 Atlantic layer) at ~140 m depth indicating the presence of Atlantic Water (AW) below this depth (Table 1) .
181
Atlantic modification of the Halocline is evident from the increase in temperature through the Halocline.
182
Furthermore, the Halocline shows intrusions of cooler water, which is further described and discussed for 2008 and 2015 and indicate that the off-shelf water mass structure is characterized by a colder, thicker and 9 more saline Halostad that is derived from the Lower Halocline in the Nansen Basin [Rudels et al., 1996] . curves exceeding ±1 standard deviation at more than 50% of the 0.1 kg m -3 intervals were added to the 222 different clusters based on the prescribed salinity range. We also defined a "transit" cluster ( Figure 7b) 
223
showing weak thermohaline intrusions below one standard deviation of the mean.
224
Based on our criteria, all CTD profiles ≥ 100 m depth were subdivided into five clusters ( Figure 4b ) and represent the transition from Cluster II, with smooth TS curves, to Cluster IV, strongly 251 impacted by intrusive activity. Thus, we refer to this cluster as the "transit" cluster. 
Shelf water interaction with tidewater glacier

278
We speculate that cluster V shows features that we attribute to the ocean-glacier interaction. These ocean-glacier interactions as we will discuss below.
288
Water cools when it comes in contact with glacier ice that is colder than the in situ freezing point.
289
For example, for the Ross Ice Shelf in Antarctica, Wexler [1960] reported the glacier ice temperature seawater and will be cooled as it gets in contact with the bottom of the glacier. The lost heat is partly used 320 to melt ice and partly conducted into the glacier, increasing its temperature. Here we assume that the largest 321 part of the heat goes to melting and we presently ignore the fraction of heat conducted into the glacier. We 322 also ignore all other freshwater sources, e.g. runoff and seasonal ice melt, except that due to melting of the 323 glacier by ocean heat from below. The density reduction of the ocean water due to added melt water is 324 larger than the density increase due to cooling, and the less saline water will ascend along the lower 325 boundary of the glacier, until it terminus. At this point the water will penetrate into the ambient water 326 column at its density level few meters above the depth that the meltwater was released, forming colder, less 327 saline isopycnal intrusions.
328
To describe the interactions occurring below the floating glacier to the first order we then assume 329 that all heat lost by the water parcel is used to melt ice. The addition of meltwater leads to a salinity 330 reduction S that can be estimated from:
Here cp = 3980 J°C -1 kg -1 is the heat capacity of sea-water and L = 334500 Jkg -1 is the latent heat of melting.
333
T is the temperature reduction and S is the salinity of the water parcel re-emerging from underneath the 334 glacier.
335
We do not have observations from below the floating glacier and we have to make assumptions 336 both about the initial characteristics of the water entering below the glacier and the cooling and reduction of 337 the salinity that occur by interaction with the glacier. The salinity of the water re-entering the water column 338 from below the glacier is S ~ 33.65 and the observed temperature reduction, compared to the ambient 15 profiles, is T ~ 0.3°C (Figures 4b and 6b) . We know that the initial salinity then has to be higher than 
370
In the following we speculate that the intrusive Halocline from Cluster IV is generated by originate from local modifications due to upwelling of AW over the Wandel Sea continental slope.
407
The under-ice surface layer over the Wandel Sea shelf is significantly freshened, potentially during winter ( Figure 5 ). This is comparable to the Laptev Sea shelf where strong salinity stratification is maintained by the river runoff from the Lena River, the second largest river flowing into the Arctic Halocline on the shelf is less salty compared to ambient water from the continental slope by ~1-2.
426
In the following we discuss our results in the context of upstream observations in the Canada Basin
427
(e.g., Figure 10 ) and downstream observations in the NEW region. [Rudels et al., 2002] that are comprised of the river runoff and net precipitation water, but also of the less saline Halostad water and underlying Halocline, rather than a local origin.
454
Upstream over the Canada Basin, PcW impacts the halocline structure, producing a double PcW.
473
The remote origin of the Halostad is also confirmed by the elevated values of the CDOM 
Summary and conclusions
500
The first-ever CTD observations over the Wandel Sea shelf and continental slope were collected in AW. In the Nansen Basin this layer is homogenized by haline convection each winter [Rudels et al., 1996] .
510
The water column found on the shelf has much colder and less saline AW located closer to the Ocean, modified by interaction with river runoff water over the upstream Canada Basin.
536
(ii) The Halocline layer centered at ~80 m (salinity of ~33) separates the Pacific-origin cold 
